This study presents the continuous GPS network in Vietnam and the results of study on time variations of the total electron content (TEC) in the South East Asian equatorial ionization anomaly (EIA) for the 2006-2013 period. In each year we observe a semiannual pattern of amplitude of the EIA crests with its maximum amplitude at equinox. In both hemispheres, the amplitude of the crest is larger in northern spring equinox than in autumn from 2006 to 2008 (descending phase of solar cycle) and smaller in spring than in autumn from 2009 to 2011 (increasing phase of solar cycle), from 2012-2013 (maximum period of solar cycle) the amplitudes of the crests in spring and autumn are equivalent. We also observe an asymmetry between the amplitude and the position of the two crests of ionization. There is a very high level of correlation between the amplitude of the TEC at the two crests and the sunspot number is approximately equal to 0.9. During the deep solar minimum 2008-2009, the amplitude of crests of ionization becomes small during several months in summer and winter (about 20 TECu). The results show that both crests move more significantly equatorward in winter than in other seasons and there is a tendency for both crests to appear earlier in winter and later in summer. In the solar minimum years, the amplitudes of the crests are minimal; the positions of the crests are nearer the magnetic equator and the crests appear earlier than in other years.
Introduction


Within the framework of the cooperation between Institute of Geophysics-VAST, Universities of Rennes1 and Telecom Bretagne (Amory et al., 2006) , two GPS receivers were installed in Hanoi (HAN1, PHUT) and in Hoc Mon (Ho Chi Minh City, HOCM) from May  Corresponding author, Email: lhminhigp@gmail.com 2005; and another was installed in Hue (HUES) from January 2006. This is the first time these continuously operating GPS receivers have been setup in Vietnam for monitoring the total electron content (TEC) and ionospheric scintillation. Within the framework of Institute of Geophysics-VAST and National Taiwan University, six continuously operating GPS receivers were installed in the Northwest of Vietnam from November 2009. From September 2011, another GPS receiver was setup in Vinh, whose continuous operation has been sustained so far. Within the framework of the national independent project "Study and assessment of earthquake and tsunami hazards in Ninh Thuan and the surrounding region for the site selection of nuclear power plant" and the project "Study on the impact of seismotectonic activity on the stability of Song Tranh 2 hydro power plant in Bac Tra My, Quang Nam province", the continuous GPS measurement was carried out at 06 locations in Central Vietnam during 1-2 years. Thus, from 2005 uptonow, Institute of Geophysics has created the continuous GPS network at 18 locations to provide the important database for the research on the ionosphere, water vapor content in the troposphere and tectonic movement of Earth's crust in Vietnam and adjacent region.The use of GPS technology to examine the ionosphere and the troposphere was mentioned in some previous studies (Le Huy Minh et al., 2006; 2010; Duong Chi Cong, 2010) . This article presents the results of utilizing the continuous GPS data in Vietnam and adjacent region to study the characteristics of equatorial ionization anomaly (Breit and Tube, 1926; Namba and Maeda, 1939; Appleton, 1946) in the South East Asian region between 2006 and 2013. It should be noted that although many studies on TEC in Asia have been conducted (Walker et al., 1994; Tsai et al., 2001; Chen et al., 2008; Zhao et al., 2009) ; however, there are no studies dealing with the subequatorial network in Vietnam as well as no results for a long-time series, about one solar cycle of 11 years has been reported uptonow.
Data and calculation method
Data of the continuous GPS stations in Vietnam and the stations of International GNSS Services (IGS): KUNM (China), CUSV (Thailand), NTUS (Singapore), BAKO (Indonesia) used in this study are listed in Table 1 and the distribution of stations are illustrated in Figure 1 . To have relatively complete information about the anomaly crest in the southern hemisphere in months when the stations NTUS or BAKO provide no data, we use data from the stations SAMP, MNKL and XMIS instead. The position of the magnetic equator in the latitude of 7-8 o N is also presented in Figure 1 .
We use the pseudorange measurements between the GPS receivers and satellites to calculate the total electron content along the transmission line according to the formula (Klobuchar, 1986; Liu et al., 1996) : . The vertical total electron content, VTEC, observed at the pierce point of the ionosphere is determined from the single-layer model (Klobuchar, 1986) :
where  is the satellite elevation angle, R=6371.2 km is the average radius of the Earth, and h is the height of the ionosphere above ground level, often considered as h=400 km (Zhao et al., 2009) . To calculate TEC from (1) and VTEC from (2), we must know the instrumental biases of satellite b i and of receiver b j . Many organizations responsible for treatments of the rinex data of the International GNSS Service (IGS) provide the daily value of satellite bias, known as Differential Code Bias (DCB). The receiver bias b j is a true value; based on the method of Komjathy et al. (2005) we use the global ionosphere model to estimate the receiver bias at certain location. In reality, it is unnecessary to know the receiver and satellite biases separately; we can estimate the sum
by comparing VTEC value calculated in the formulas (1) and (2) Figure 2 , it can be indicated that the root mean square values for all satellites are in the range of 4-5 TECu; therefore, the error of TEC mapping is about 4-5 TECu. It should be noted that the global TEC model is estimated during a period of 1-2 hours. The method used in this study provides the value of TEC at every observation time of 30s, hence it is possible to see the finer structures of TEC that are smoothed by the global model CODG. 
Results and discussion
The method of establishing the temporallatitudinal TEC maps has been introduced in previous articles (L. H. Minh et al., 2006; Le Huy et al., 2014) as well as in international publications (Huang et al., 1989; Liu et al., 1996; Tsai et al., 2001) . In this article, we present the result of establishing the temporal- as considered by Huang et al., 1989; Walker et al., 1994; Huang & Cheng, 1996; Tsai et al., 2001; Wu et al., 2004 Wu et al., , 2008 Zhao et al., 2009; Le Huy et al., 2014 . Figure at the spring equinox is larger than at the autumn equinox. From 2009 to 2011, during the increasing phase of the solar cycle, the maximum amplitude at the autumn equinox is larger than at the spring equinox. During 2012 and 2013, maximum period of the solar cycle without a clear weakening trend, the maximum amplitudes at spring and autumn equinoxes are equivalent. The asymmetry of TEC in the equatorial ionization anomaly was mentioned by some international authors (Tsai et al., 2001; Wu et al., 2004 Wu et al., , 2008 Rama Rao et al., 2006; Chakraborty & Hajra, 2008; Mala et al., 2009; Zhao et al., 2009) . Correlation coefficients between the monthly average number of sunspot and the monthly average amplitude of anomaly crest are 0.909 and 0.897 in the northern and southern crests, respectively. These coefficients show better correlation than the correlation between the critical frequency of F 2 layer in Phu Thuy and the sunspot number, which is equal to ~0.84 (Pham Thi Thu H. et al., 2011) . The correlation coefficients of moving average values of 13 months are 0.995 and 0.994 in the northern and southern crests, respectively. Thus, the change in monthly average amplitude of equatorial ionization anomaly has a high correlation with the sunspot number. ). The results shown in Figure 5 represent that the asymmetry between the spring and autumn equinoxes markedly decreases, the difference between amplitudes of crest at the spring and autumn equinoxes is not large as in Figure 4 ; however, anomaly amplitude in December in most of these years (except 2011) is larger than that in July. It means that the winter anomaly in the northern hemisphere often occurs. Figure 6 represents the latitude and occurrence time of the crests in both hemispheres. Spring, summer, autumn, and winter months in two hemispheres are also presented in Figure 6 to facilitate the analysis of seasonal effect. Figure 6 shows that during the studied period, the southern crest move poleward more significantly in summer than in other seasons. The northern crest also follow this trend, but less obviously. This observation is in accordance with observations of Zhao et al. (2009) . The graph on the right of Figure 6 expresses a tendency for both crests to appear earlier in winter and later in summer. Figure 7 represents the difference between occurrence times (t) of anomaly crests in the northern and southern hemispheres in the period of 2006-2013. There is a tendency for the northern crest to appear earlier than the southern crest in January, February, November and December (winter months in the northern hemisphere), thus t<0, whereas in May, June, July and August (summer months in the northern hemisphere), the northern crest appears later than the southern crest and t>0. This can be explained by the thermospheric general circulation model (Torr & Torr, 1973; Mayr et al., 1977) , which is the circulation between solstices with two transitions at equinoxes. 
Conclusions
This study presents variations of monthly mean total electron content in the crest of South East Asian equatorial ionization anomaly by using data of the continuous GPS network along the meridian of 105E in both hemispheres. The TEC calculation using pseudoranges observed in GPS stations is represented. We can draw some conclusions as follows:
We observed the semiannual pattern of amplitude of the EIA crests. In both hemispheres, the amplitude of crest is larger at the northern spring equinox than at the autumn equinox from 2006 to 2008, and smaller at the spring equinox than at the autumn equinox from 2009 to 2011. In the maximum period of solar cycle 2012-2013, the amplitudes of crests at two equinoxes are equivalent.
There is a high correlation between TEC amplitudes in two crests and the sunspot number, with the correlation coefficient of ~0.9.
In the deep solar minimum years 2008-2009, amplitudes of anomaly crests become small, about 20 TECu in the summer and winter months.
The crests tend to move equatorward more significantly in winter than in other seasons, and there is a tendency for both crests to appear earlier in winter and later in summer.
In the deep solar minimum, the annual mean latitudes of anomaly crests are nearer the equator, the annual mean TEC amplitudes of crests are minimal and the occurrence time is earlier than in other years.
